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Introduction

A survey of the most frequently used sample
preparation methods for surface analysis methods
such as Auger electron spectroscopy (AES), X-ray
photoelectron spectroscopy (XPS), ion scattering
spectroscopy (ISS) and secondary ion mass spectroscopy (SIMS) is presented. Ex-situ preparation
before insertion of the sample into the ultrahigh
vacuum (UHV)of the analysis chamber comprises
commonmechanical and chemical methods, whereas
in-situ preparation is based on various UHV-compatible procedures like cleavage, fracture,
heating and noble gas ion sputtering. Particular
care is necessary to avoid misleading chemical
and structural alterations of the sample surface.
Advantages and limitations of the different
approaches can only be compared with respect to a
specific sample and the goal of the surface or
interface analysis.

Surface and interface analysis is usually
done with surface analysis techniques operating
under ultrahigh vacuum (UHV). High resolution analytical transmission electron microscopy (TEM),
although often used for interna l interface studies
as well as conventional secondary electron microscopy (SEM)with X-ray analysis, will not be considered here because those techniques are not
particularly surface sensitive and are generally
not operated under UHVconditions. The most popular surface analysis techniques are Auger electron spectroscopy (AES), X-ray photoelectron spectroscopy (XPS), ion scattering spectroscopy (ISS)
and secondary ion mass spectroscopy (SIMS) (Hofmann, 1986). Because their depth of information is
in the atomic monolayer regime, any results are extremely sensitive to chemical composition, morphology and structure of the vacuum/ solid interface.
Therefore the preparation of sample surfaces
plays a decisive role with regard to accuracy and
reliability
in surface analysis. The same holds
for internal, solid / solid interfaces when studied
with surface sensitive methods.
Of course, sample preparation is directly
linked with the aim of a certain study. In this
respect two major aspects can be differentiated:
ex-situ preparation and in-situ preparation. The
former applies to the study of surfaces processed
and stored in the atmosphere and those for later
in-situ experiments, and is done before introduction of the sample into the analysis chamber.
In-situ preparation means treatment of a sample
surface under UHV(~ 1 □- Pa) or a controlled
chemical environment either directly in the analysis chamber or in an attached vessel.
A prerequisite for re li able surface analysis
is stability of the first few monolayers within a
sufficient time. (This condition is even met during
analysis with the so-cal l ed static SIMSmethod
(see e.g., Hofmann, 1986)). Therefore samples with
volatile constituents are not suitable for surface anal ysis. A high vapor pressure will be detrimental f or the maintenance of UHV.A remedy can
be liquid nitrogen cooling of the sample holder .
However, it may enhance surface contamination due
to adsorption of residual gases. At 1 □- Pa, about
4 . 1014 gas molecules per squar e centi meter and
second impinge on the surface. This means roughl y
7
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one monolayer coverage per second for a sticking
coefficient of one. Therefore only the maintenance
of reactive gas pressures below 10- 7 Pa, i.e., UHV
conditions, can prevent the sample surface from
contamination within a convenient measurement
time.
Manyof the various and often ingenious
approaches to sample preparation are rather specific to a certain materia l, apparatus and purpose
of a study.
The aim of this paper is to out li ne the basic
concept s of the most frequ ently used sample preparation techniques for surface and interf ace
studies using surface anal ytica l techniques.
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Ex-Situ Preparation
Surface Analysis
"As received" sample s. Samples "from the real
world", for instance to study contamination or
corrosion processes which take place in the atmosphere, need no pretreatment by the anal yst. The
question often is what occurs to the surface due
to the abrupt change of the gas pressure when
the sample i s introduced into the UHVchamber as
well as afterwards during the analysis.
Specia l attention must be paid to preclude
any contaminat ion of the sample before insertion
into the spectrometer, i.e., mounting the sample
directly on a manipulator or on a st ub. This requires wearing of plastic or lint free cloth
gl oves to avoid direct skin conta ct, and the use
of care fully degreased tools. Preferably, sample
mounting is done in a dustfree room or in an
open bench shroud supplied with a stream of
filtered air . Depending on the shape of a sample,
it i s normally fixed by screws or by copperberyll ium cl amps. Irregular shaped sampl es are
often mounted by partly wrapping around a cl ean
aluminium foil. Powders can be handled if they
are pressed into a soft indium foil.
Whensample s are prepared under high
pressure and reactive atmospheres like in catalysis studies, or in electrolytes,
as in corrosi on studies, it is important to avoi d air exposure between the experimenta l treatment and
anal ysis. One way to solve this problem is to enclose the sample in a vacuum tight sea led transfer vessel which can be mounted on an introduction stage . Most modern instruments possess such
a stage, as shown in the schematic drawing of a
Perkin Elmer SAM595 Auger microprobe in Fig. 1.
The sample holder with the clamped-on sample
is mounted on the tip of a finely poli shed rod in
the opened introduction chamber. After sealing,
the latter i s evacuated by adsorption and/or
turbomolecular pumps to 10- 2 Pa or less. Then the
UHVgate valve is opened and the sample is transferred to the specimen manipulator by line ar movement of the shaft . Whenit is picked up (by a
spri ng clamp mechanism), the shaft is retracted
and the UHVvalve closed. The pressure may rise
to about 10- 5 Pa in the main chamber for a short
period but is back to UHVin minutes. Other instruments use the rod directly as a sample stage.
However, this method is less versatile with respect to sample positioning before the analyzer.
A frequently employed technique is the transfer
from one chamber to the other by rack and pinion

Fig. 1:
Scheme of a SAM595 Auger microprobe (PerkinElmer Corp.), showing the introduction stage with
a retractable rod (dashed lines), rotatable sample
stage and two argon ion guns (A,B) in front of the
electron analyzer. SP1 and SP2 are two mol ecul ar
sieve sorption pumps, IP are ion getter and Ti
Subl. titanium sublimation Pumps.
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Fig. 2:
Electrochemical cell connected to an XPS analysis
system. From Brl.iesch et al. (1984).
type carriers which move the sample from one
stage to the other. Although this technique is
slower than rod insertion, UHVis always maintained in the analysis chamber (Riviere, 1983).
Another solution for direct sample introduction is the connection of an autoc lave or an
el ectrochemical cell to the analysis chamber.
Brl.iesch et al. (1984) have used such a device
(depicted in Fig. 2) to ensure direct transfer of
passivated sample surfaces to XPS analysis without
air exposure. This type of sample treatment and
transfer under UHVconditions may be looked upon
already as an in-situ preparation which is
discussed below.
Samples for In-Situ experiments. This case
comprises samples for adsorption, segregation,
oxidation, evaporation layer growth studies, etc.
The desired size of a sample is genera ll y
prepared by mechanical cutting or spark erosion
cutting. Depending on the instrument, the normal
size is about 10 x 10 mmor le ss and 50 µm to
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where Dis the crater diameter, R the ball radius
and d the depth of the crater. Although near the
center (x = 0, z = d) the magnification factor can
be extremely high, the attainable depth resolution
is - as in normal angle lapping - limited by the
surface roughness generated during the abrasion.
Problems may arise with very hard materials, which
tend to crack irregularly,
or with very soft constituents which may be smeared over the surface.
Particu l arly for semiconductor materia ls,
chemical bevel methods have proved useful (Bresse, 1985). This can be achieved by use of a suitable etchant which should be non-selective for
the different constituents of the sample. If the
sample is instantaneously inserted into the
chemical etchant and removed with constant velocity, a wedge-shaped sample is obtained and the
angle is directly related to the removed velocity. Thin layers of Ga(In)P were successfu ll y
analyzed with SAMby Bresse (1985) using this
technique.
Any sample prepared ex-situ has to be handled
as described in the "As received" samples section.
For thin film and interface studies, sputter
cleaning in situ (see below) must be performed
prior to, e.g., a SAMline scan analysis.

\

~

I

I

SURFAC

\

Analysis

·-----□-----

Fig. 3:
Schematic of ball cratering after Walls et al.
(1979). R = radius of the rotating ball, D =
diameter of the generated crater at the surface,
d = depth at the center of the crater.
some mmthickness. The surface should be as smooth
as possible. For metallic samples, this is accomplished by polishing with alumina or diamond
paste down to 1 µm grit size or less.
To avoid contamination of the analysis system by evaporating hydrocarbons, the sample must
be carefully degreased. This is usual l y done by
cleaning in an ultrasonic bath, first using
acetone, then methanol or ethanol and lastly distilled water, prior to drying in hot air (Hofmann and Frech, 1985). Special care has to be
taken when samples are embedded in organic materials, e.g., for polishing, because they are often
resistant to any solvent. In this case mechanical
grinding and/ or cutting out the inner part of the
sample has proved useful.
Amongthe variety of chemical ex-situ cleaning techniques like etching and electropolishing,
oxygen glow discharge cleaning and ozone/ ultraviolet radiation treatment (Vig, 1979) were
successfully employed to obtain carbon free silicon dioxide surfaces (Thomas and Hofmann, 1985).
Interface Analysis
Particularly with high resolution scanning
Auger microscopy (SAM), interface and thin film
analysis can be performed by line scanning over a
cross section of the sample. To enlarge the resolution limited by the electron beam diameter
(~ 50 nm in modern SAMequipment), angle lapping
of the sample is often performed. For example, a
lapping angle of 5.7 ° to the horizontal yields an
enlargement of the in depth axis by a factor of
10. Recently, Moore et al. (1985) have attained
taper angles of 0.2 ° corresponding to a magnification factor of 300.
A convenient device for angle l apping is ball
crater ing, which was introduced by Walls et al.
(1979). The sample is mounted on a device with a
rotating bal l which has an adherent diamond paste.
The result of the abrasive treatment is shown by
the spherical cross section through the sample in
Fig. 3. The relation between l atera l scale (x) for
the scanning electron beam and the depth scale (z)
is nonlinear and given by:
2 112
z = d - R + [ R2
x) ]
( 1)

In-Situ Preparation
Surface Analysis
In-situ treatment of a sample (e.g.,
for
segregation or oxidation studies) requires preparation of a clean surface. The control of
cleanness depends on the sensitivity of the method
used. Any surface introduced into the system from
the atmosphere is most likely (but not always)
covered with a carbonaceous contamination layer,
often above or mixed with an oxidic layer of typically some nanometer thickness. Removal of this
layer is not only necessary to obtain the bulk
concentration, but also for further experiments on
a well defined surface (Dudek and Borath, 1985).
For the former purpose, scribing of the surface
with a diamond tip is often used in AES. Cleaning
of the whole surface is necessary for in-situ experiments. Methods of the preparation of atomically clean surfaces have been reviewed by Verhoeven (1979), Musket et al. (1982), Riviere (1983)
and by Farnsworth (1982).
The most frequently used treatments are heating, gas-surface reactions and ion bombardment.
Reactive plasma etching, a combination of the
latter two techniques, is often used in semiconductor studies (Vossen et al., 1983).
Heating of the sample can be dnne in a variety of ways (Fuggle, 1977; Verhoeven, 1979).
Straight forward is resistive heating of metallic
materials with the sample spot welded to high
purity electrical
leads , e.g., platinum or molybdenum. Electron bombardment at the back of the
sample using a tungsten filament at negative potential is usually more efficient than thermal radiation alone by the unbiased filament. Direct resi stive heating is confined to conduct ive samples
with small cross sections to avoid excessively
high curr ents which heat up the connect ions. The
indirect methods require more time to reach the
desired temperature with the danger of contamination by impurities desorbing fro m the heated parts
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removed. The most efficient cleaning is achieved
by applying subsequent sputtering / annealing cycles,
which can also be used to remove segregants like
oxygen, carbon or sulfur from the bulk (Hofmann
and Frech, 1985). One disadvantage of sputter
cleaning is chemical and topographical alteration
of the surface (Hofmann, 1983). Preferential
sputtering of one component of an alloy or a compound leads to its depletion in an altered layer
in the order of the range of the primary ions. Due
to the angular dependence of the sputtering yield,
surface roughness is generally increased by
sputtering. This effect can be minimized by the
use of bombardment with two ion beams from
different directions or by sample rotation (Zalar,
1985).
Another method of generating clean surfaces
is cleavage or fracture in-situ. It is only possible for some materials like alkali halides, silicon, germanium, etc., which can be easily cleaved
along certain cleavage planes, for refractory
materials, and some non- ductile alloys. Such insitu fracture devices are commercially available
and are generally used to study the composition
of grain boundaries (see following section).
Evaporation, sputter deposition or molecular
beam epitaxy are other in-situ techniques for
obtaining clean surfaces (Riviere, 1983).
Thin Film and Interface Analysis
Depth profiling by sputtering in combination
with a surface analysis method is a most convenient
and versatile method to study the composition of
thin films and interfaces.
It can be readily performed after the normal cleaning procedure and
insertion of the sample into the analysis chamber,
as described above. A review of this method is
given by Hofmann (1983). It is particularly useful for layered structure s with interfaces parallel to the surface like oxide films, coatings,
evaporation layers, etc. Care must be taken to
ensure a flat crater bottom within the analyzed
area, which i s important for high depth resolution.
Ion bowbardment can also be used for in-situ
angle lapping to study thin film and interface
composition. The easiest way to achieve this is
the method of crater edge profiling (Zalar and
Hofmann, 1980). If a static ion beam, which
generally has a Gaussian intensity distribution,
is directed to a sample surface, the crater depth
distribution
resembles the shape of the ion intensity distribution.
It has been shown that the
mean slope of the crater edge is approximate l y
given by the ratio of the maximumdepth in the
center divided by half the full width at half
maximum(FWHM)
of the ion beam. This slope can be
directly measured by using well defined la yere d
structures.
By line scanning across the crater
edge a depth erofile is obtained. Magnification
factors of 10 can be obtained by this method
(Zalar and Hofmann, 1980). An example of crater
edge profiling applied to a multilayer Si , Ns/ Si
structure of 20 nm thickness for each l ayer is
shown in Fig. 4.
Internal interfaces like grain boundaries in
metallic materials can be analyzed by surface
analysis if the material is prone to britt le
fracture along grain boundaries. Interfacial segregation studies have been performed most often
by in-situ fracture.
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Fig. 4a, b:
Crater edge profiling of a Si,N 4 / Si multila yer
sample with 20 nm sing le layer thickness
a) Secondary electron image. Bar= 10 µm.
b) Auger line scan of Si (92eV) and N(383eV) .
The magnification factor is about 1x103 • The
interface width is < 6 nm.
of the sample holder. These problems may be circumvented by laser irradiation
(Verhoeven, 1979).
For cleaning purposes, heating is recommend
ed up
to two-thirds of the melting-point temperature for
the elements (Musket et al., 1982). However, it
is restricted to thermally stable materials.
Heating may often l ead to alterations of the
sample by segregation of impurities and component
diffusion from the bulk. On the other hand,
sputter cleaning by ion bombardment is universally applicable and is most frequently used.
A noble gas ion gun is an indispensable part
of any surface analysis equipment. It is normally
supplied with high purity argon and directs a
beam of argon ions, typically between 500 eV and
5 keV energy, to the surface. Modern ion guns
provide a focussed beam which can be rastered over
2
an area of about 10x10 mm
• This is normally
sufficient to cover the whole sample. Energeti c
ion bombardment results in the removal of atoms
from the first atomic la yer by the sputtering
process. After a sufficiently
high ion dose the
surface contamination/oxide layer is effectively
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HofmannS (1986). Practical surface analysis:
State of the art and recent developments in AES,
XPS, ISS and SIMS. Surf. Interface Anal. 2_, 3-20.

A simple fracture device consists of a
hammer, i.e., a movable part which can be operated
through bel lows from outside. It can be moved in
front of a block with a U-shaped sl it. The free
end of a rod-shaped sample with a notch is put in
this s l it by means of the sample manipul ator. The
block prevents the latter from the shock force
when the sample is broken by the hammer. More
elaborate devices for fracture in UHVare described in the literature
(Dudek and Borath,
1985).
Summaryand Conclusions

HofmannS, Frech R (1985). Application of AES
to trace anal ysis: Determination of less than
10 ppm sul fur in copper. Anal. Chem.~. 716-719.
Moore RL, Salvati L, Sundberg G,
Greenhut V (1985). Surface analysis of
diffusion zones in multiple chemical vapor
deposition coatings. J. Vac. Sci. Technol.
A3, 2426- 2431.
Musket RG, McLeanW, Colminares CA,
Makowiecki DM,Siekhaus WJ (1982).
Preparation of atomically clean surfaces of
selected elements: a review. Appl. Surf. Sci . .!_Q_,
143-207.

Preparations of samples for surface and
interface analysis with surface sensitive techniques can be divided in two types: ex-situ
methods before insertion and in-situ methods after
insertion of the sample into the analysis chamber.
Whereas the former are rather conventional methods
of preparation, like grinding and polishing, the
latter rely on special techniques like ion sputtering, cleavage and fracture. Typical for surface analysis, which is performed under ultrahigh
vacuum, is the requirement of careful decontamination of the sample. Often a laborious transfer
from a pretreatment chamber to the analysis vessel
is necessary to ensure the avoidance of air exposure. The reliability
and accuracy of surface
analysis are decisively dependent on a careful
and ingenious sample preparation.

Riviere JC (1983). Instrumentation, in:
Practical Surface Analysis by Auger and X-ray
Photoelectron Spectroscopy, D Briggs, MP
Seah (eds), John Wiley & Sons, Chichester, UK,
18-85.
Thomas III JH, HofmannS (1985). Ion bombardment
induced changes in silicon dioxide surface composition studied by X-ray photoelectron spectroscopy. J.
Vac. Sci. Technol. A3, 1921-1928.
Verhoeven J (1979). Techniques to obtain atomically
clean surfaces, in: Surface Contamination, KLMittal
(ed.), Plenum Press, NewYork, 499-512.
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Discussion with Reviewers
K.A. Gaugler: Please commenton the horizontal
l ines appearing in the micrograph in figure 4a,
and comment on their relationship to the apparently rising baseline for the Si (dashed line) and
the apparently falling peak values for N (sol id
l ine).

Hofmann S (1983). Depth profiling.in:
Practica l
Surface Anal ysis by Auger and X-ray Photoelectron
Spectroscopy, D Briggs, MPSeah (eds), John
Wiley & Sons, Chichester, UK, 141-179.
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L.B. Church:
In Figure 4b: a) Whyis the N to
s, peak to background ratio >7 for the entire
line scan? b) Whydoes this ratio decrease across
the line?
Author: The horizontal lines in Fig. 4a are the
traces of the electron beam during line scanning.
They are generally ascribed to alterations of the
secondary emission caused by electron stimulated
chemical effects like decomposition or desorption
of adsorbed residual gas components. Fig. 4b: The
measured Si(92eV)-signal (dashed line) refers
only to elemental silicon, whereas in the silicon
nitride regions the Si peak is shifted by about
-3eV. Therefore, the Si(92eV)-signal is highly
sensitive to slight background and/or energy
changes in the nitride layers. The apparent rise
of the Si(92eV) baseline is probably caused by the
changing backscattering contribution from left to
right, i.e., with decreasing number of nitride
layers above the silicon substrate. The higher
energy N(383eV)-signal is less prone to such
slight alterations and its maxima and minima are
approximately constant within the limits of error.
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